Study objective: To assess the extent to which objective sleep patterns vary among U.S. Hispanics/Latinos. Methods: We assessed objective sleep patterns in 2087 participants of the Hispanic Community Health Study/Study of Latinos from 6 Hispanic/Latino subgroups aged 18-64 years who underwent 7 days of wrist actigraphy.
INTRODUCTION
Poor sleep patterns are strongly linked to many adverse health outcomes, including metabolic and cardiovascular disease as well as premature mortality. [1] [2] [3] [4] Most population-based studies of sleep habits have relied on self-report of habitual sleep duration, which correlates poorly with objective measures. [5] [6] [7] A focus on duration alone ignores other aspects of sleep such as sleep quality, timing, and regularity, despite growing evidence regarding the multidimensional nature of healthy sleep. 8, 9 Studies that have utilized an objective assessment of sleep have primarily focused on children and older adults, ignoring working-age populations, although this is often the age at which chronic disease develops. Additionally, this group faces particular challenges such as job and child care responsibilities that adversely impact healthy sleep patterns. 10, 11 There is also a lack of data on sleep patterns in U.S. Hispanics/ Latinos, the largest minority group who represent over 16% of the U.S. population. 12 Most of the existing research on sleep habits in U.S. Hispanic Americans has focused solely on those of Mexican heritage, yet it is clear that there are differences in health and behaviors-including self-reported sleep durationacross Hispanic/Latino ethnic backgrounds. 13, 14 Non-Mexican Hispanics may be at greater risk of short sleep, 14, 15 and differences in sleep may contribute to disparities between Hispanic/ Latino groups in conditions such as diabetes and cardiovascular disease that have been associated with poor sleep patterns. [16] [17] [18] Therefore, a better understanding of sleep patterns in a heterogeneous Hispanic/Latino population is critical to understanding how sleep may serve as a modifiable risk factor for disease. In this study, we sought to assess the multidimensional aspects of sleep patterns in a diverse group of community-dwelling Hispanics/Latinos using an objective, multinight assessment of sleep.
METHODS

Hispanic Community Health Study/Study of Latinos
The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a multicenter community-based cohort study examining prevalence and risk factors for chronic disease among Hispanic/Latino individuals. HCHS/SOL used a two-stage random probability-based sampling technique to randomly select household addresses based on census block groups within four cities (Bronx, NY; Miami, FL; Chicago, IL; and San Diego, CA) in order to provide a representative sample of the target population. 19, 20 A total of 16 145 adults aged 18-74 years were recruited between May 2008 and June 2011. Participants provided information on demographics (including self-identified Hispanic/
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Latino background), socioeconomic status (including highest level of education attained and household income), lifestyle habits (including cigarette and alcohol use), and medical history through questionnaires administered at a study visit in either English or Spanish based on participant preference. 19 As part of the baseline HCHS/SOL examination, subjects underwent unattended sleep apnea monitoring (ARES Unicorder 5.2;B-Alert, Carlsbad, CA) at home for one night and the apnea-hypopnea index (AHI) was calculated as a measure of sleep apnea severity. 21, 22 Sueño Ancillary Study The Sueño ancillary study recruited 2189 HCHS/SOL participants aged 18-64 years free of severe obstructive sleep apnea (AHI < 50 events/hr and no treatment for sleep apnea) and narcolepsy from December 2010 to December 2013. Recruitment was limited to six Hispanic/Latino backgrounds (Central American, Cuban, Dominican, Puerto Rican, Mexican, and South American) with sampling at each site designed to ensure sufficient subjects from each background to allow comparisons across backgrounds. The study protocol was approved by the Institutional Review Boards at each of the participating sites and all participants provided written informed consent.
Sueño Study Protocol
At the Sueño visit, participants completed a battery of questionnaires including questions about employment status, work schedule, caffeine use, and use of sleep medications. Depressive symptoms were assessed using a 10-item version of the Center for Epidemiological Studies-Depression (CESD-10) questionnaire. 23, 24 Height and weight were measured and body mass index (BMI) calculated.
Actigraphy Data Collection
An Actiwatch Spectrum (Philips Respironics, Murrysville, PA) wrist actigraph was placed on the nondominant wrist and participants were asked to keep the device on the wrist continuously for 7 days with activity and light data collected in 30-second epochs. Participants also completed a sleep diary upon awakening each day. A centralized reading center in Boston, MA, scored all records. Rest periods where the participant was trying to sleep were identified following a standardized protocol that made use of event markers, sleep diaries, light exposure, and activity levels. 25 Sleep-wake status for each 30-second epoch within each rest period was computed using the Actiware 5.59 scoring algorithm with sleep onset defined based on 5 immobile minutes, 0 immobile minutes for sleep offset, and a wake threshold of 40 counts. The scoring algorithm has been validated against polysomnography on an epoch-by-epoch basis. [26] [27] [28] Participants with at least 5 days of valid actigraphy data were included for the analysis.
Actigraphy Measures
All sleep measures were reported as the mean averaged across all valid days in the recording. Habitual sleep duration was defined as the total amount of time scored as sleep during the main rest period, which was night for most participants, though for shift workers the main rest period may have occurred during the day. Insufficient sleep was defined as a mean of <7 hours of sleep/night in the main rest period. 29 Sleep fragmentation index and sleep maintenance efficiency provide measures of sleep quality. The sleep fragmentation index is calculated as the sum of the proportion of all epochs from sleep onset to sleep offset with an activity count of 2 or greater and the proportion of all bouts of immobility (activity count less than 2 in every epoch) that were 1 minute or less in duration. 25, 30 Sleep maintenance efficiency is calculated as the proportion of time from sleep onset to sleep offset scored as sleep.
The interdaily stability index quantifies the regularity of sleep patterns across days and provides a measure of how stable sleep rhythms are from day to day. 31, 32 For this analysis, only participants with 7 consecutive days of valid actigraphy data (n = 1694) were used to derive the interdaily stability.
Sleep midpoint was defined as the midpoint between sleep onset and sleep offset. Naps were defined as a self-reported period of sleep (based on event markers or diary) outside the main rest period containing at least 15 minutes of actigraphically scored sleep. Napping was a dichotomous variable indicating whether or not there was >1 nap over the recording period.
Covariates
Covariates considered for inclusion were factors known to impact sleep based on prior large-scale research studies. 15, 25, [33] [34] [35] Education level was dichotomized as <high school versus ≥high school diploma. Employment status was categorized as daytime worker/student, shift worker, homemaker/unemployed, and retired/disabled. Shift worker was defined as any participant regularly working at night, rotating, split, or irregular/on call shift. Annual household income was categorized as: <$20 000, ≥$20 000, and missing. BMI was categorized as <30.0 kg/m 2 , 30.0-39.9 kg/m 2 , and ≥40.0 kg/m 2 . Sleep apnea was categorized as AHI <5 events/hr, 5-14.9 events/hr, 15-29.9 events/hr, and 30-49.9 events/hr. 36, 37 A CESD-10 score ≥10 was used to define elevated depressive symptoms. Tobacco use was classified as current smoker, former smoker, or nonsmoker. Excessive alcohol use was defined as ≥7 drinks/week for women or ≥14 drinks/ week for men based on the National Institute on Alcohol Abuse and Alcoholism definition of problem drinking. 38, 39 Caffeine intake was dichotomized as <3 cups/day versus ≥3 cups of caffeinated beverages consumed/day. Sleep medication was defined as any over-the-counter, herbal, or prescription medication used to aid with sleep and was categorized as <1, 1-2, 3-4, and ≥5 nights/week. Season of actigraphy collection was categorized into winter (January-March), spring (April-June), summer (July-September), and fall (October-December).
Model Building
Ethnic background was the exposure of interest in all models, and six sleep outcomes were modeled: nightly sleep duration, sleep fragmentation index, sleep maintenance efficiency, interdaily stability, sleep midpoint, and napping. For each of the six sleep outcomes, age-and sex-adjusted means were calculated, standardized to 2010 U.S. Census data. Multivariable models were then built for each of the six sleep outcomes using survey linear regression and including age, sex, educational level, employment status, income, obesity, sleep apnea, depressive symptoms, tobacco use, alcohol use, caffeine intake, sleeping medication use, and season as covariates. All analyses used complex survey procedures to account for cluster sampling, stratification, and sampling weights. 11 Analysis of variance was used to test for differences among means and prevalences by ethnic background. If the null hypothesis of a common mean was rejected at p < .05, pairwise comparisons were performed using the Tukey-Kramer method to account for the multiple comparisons.
Because site and ethnic background are highly correlated, steps were taken to ensure site did not confound any differences in sleep outcomes attributed to ethnic background. We evaluated the potential for site to be a confounder by determining whether (1) site was associated with the sleep outcome (p for site ≤.15) in the multivariable model or (2) the inclusion of site in the multivariable model changed the beta coefficients for Hispanic/Latino background by ≥10%. This was done for each of the six sleep outcomes. If neither criterion was met, site was not considered a confounder and so not included as a covariate.
If either criterion was met, analyses were stratified by site to compute age-and sex-adjusted means. For multivariable analyses, a 10-level variable combining Hispanic/ Latino background with site (Bronx-Dominican, BronxPuerto Rican, Chicago-Mexican, Chicago-Central American, Chicago-Puerto Rican, Chicago-South American, MiamiCentral American, Miami-Cuban, Miami-South American, and San Diego-Mexican) was included in the models. A global F statistic was used to test the null hypothesis that all 10 levels had the same mean or prevalence. If this null hypothesis was rejected at p < .05, pairwise comparisons were performed within each site using the Tukey-Kramer method to account for multiple comparisons.
We tested for a sex by ethnic background interaction for all sleep outcomes in order to evaluate for effect modification by sex. In sensitivity analyses, we repeated all models after excluding shift workers (n = 297).
All p values were based on two-tailed testing. All analyses were completed using SAS v. 9.3 (SAS Institute, Cary, NC).
RESULTS
Of the 2189 participants in the Sueño ancillary study meeting eligibility criteria, 2156 (98%) had ≥5 days of valid actigraphy data. Covariate data were missing in 69 participants resulting in a sample size of 2087 for this analysis. Among the participants analyzed, the unweighted mean age (SD) was 46.9 (11.6) years, and 64.6% were women ( duration of 6.44 (0.09) hours followed by those of Puerto Rican heritage at 6.57 (0.10) hours and those of Central American heritage at 6.59 (0.06) hours (Table 2 ). In multivariable analyses, these differences persisted ( Because site was found to potentially confound the ethnicity associations with sleep midpoint (Figure 1) There was no evidence for heterogeneity by sex in ethnic differences for any of the six sleep outcomes. In addition, sensitivity analyses excluding shift workers did not substantially change any of the reported findings.
DISCUSSION
This work represents one of the largest assessments to date of objective sleep habits in a working-age population. The factors that determine sleep in this age-group are distinctly different from those of children and older adults. In particular, competing time demands from job, child care, and family responsibilities can contribute to sleep insufficiency. 10, 11 This is also one of the first studies to focus on objective sleep in Hispanic/ Latino individuals, a population at high risk of diseases linked to poor sleep.
We found that mean sleep duration was over 30 minutes longer than in non-Hispanic whites and blacks participating in the Coronary Artery Risk Development in Young Adults (CARDIA) study, which used similar actigraphy software, although the protocol was not identical. 40 While we are unable to comment on a direct comparison to non-Hispanic groups, our results are consistent with a lower prevalence of self-reported insufficient sleep among U.S. Hispanics/Latinos. 41, 42 However, Table 2 of note, insufficient sleep was still highly prevalent. A majority of working-age U.S. Hispanic/Latino adults sleep less than the recommended 7 hours per night, 29 ranging from 54.6% in individuals of Mexican heritage to 69.5% among individuals of Dominican heritage. Napping was also relatively common at roughly 25%. In addition, the sleep midpoint data, with group means ranging from 3:36 a.m. to 4:32 a.m., suggest a relatively late bedtime may be a contributor to short sleep durations.
Using objective assessments, we have demonstrated that important differences in sleep patterns exist by Hispanic/Latino background. Individuals of Mexican heritage had the most optimal sleep habits including the longest sleep duration, most consolidated sleep, higher regularity, and an earlier sleep midpoint. In contrast, sleep in individuals of Puerto Rican heritage was characterized by shorter sleep duration, the most fragmented sleep, a later sleep midpoint, and lower regularity. Individuals of South American heritage had the shortest sleep duration, while those of Dominican heritage had a relatively late sleep midpoint.
Differences in sleep patterns across Hispanic/Latino backgrounds may have important health implications. Sleep insufficiency is an independent risk factor for obesity, hypertension, and diabetes, 1, [43] [44] [45] all of which are more common among individuals of Puerto Rican heritage. [46] [47] [48] [49] Each hour reduction in sleep duration is associated with a 0.35 kg/m 2 increase in BMI and a 37% increase in odds of incident hypertension. 50, 51 Even a 20-minute difference in nightly sleep over the course of a week has clinically important effects on attention and vigilance. 52, 53 Thus, the 13-minute difference observed between individuals of Mexican and Puerto Rican heritage and 19-minute difference between those of Mexican and South American heritage likely represent clinically meaningful differences. Differences in sleep quality, as assessed by fragmentation and maintenance efficiency, may also have important health consequences.
Our findings are consistent with surveys of self-reported sleep observing increased odds of long sleep duration among U.S. Hispanics of Mexican heritage and short sleep duration among U.S. Hispanics of non-Mexican heritage.
14 Individuals of Puerto Rican heritage in our cohort live in the mainland United States; however, our findings are consistent with prior work reporting a high rate of insufficient sleep in Puerto Rico compared to the mainland United States. 41 The causes of greater sleep insufficiency among individuals of Puerto Rican heritage are unknown. Those of Puerto Rican heritage have higher rates of depression and anxiety, both of which are associated with poor sleep. [54] [55] [56] However, the disparity in individuals of Puerto Rican heritage persisted after adjusting for depressive symptoms. Further evaluation of other factors influencing sleep such as employment type, social support, home environment, acculturation stress as well as knowledge and attitudes about healthy sleep across Hispanic backgrounds is needed to better understand the source of the differences observed. [57] [58] [59] [60] This study has several strengths. A formalized algorithm was used to minimize actigraphy scoring variability. 25 Additionally, the inclusion of at least 5 days of actigraphy, including weekend/nonwork days, increases the likelihood that sleep patterns observed are representative of habitual sleep. Elements of sleep beyond duration were also captured, including regularity, and quality, which provides for a richer description of sleep patterns.
There are several limitations that should be noted. Although polysomnography is the gold standard for objectively characterizing sleep, use of this technique is not feasible in large study samples, and it does not assess habitual sleep patterns over multiple nights. Sleep duration, sleep maintenance efficiency, and sleep timing from actigraphy have been characterized on an epoch-by-epoch basis with good correlation to Regression coefficients are taken from a multivariable model with Mexicans serving as the reference group, including age, sex, education, employment, income, body mass index, apnea-hypopnea index, depressive symptoms, tobacco use, alcohol use, caffeine intake, sleep medication usage, and season as covariates and accounting for sampling methods. p Value is for testing the null hypothesis of a common mean across groups. Subscript letters a-e indicate significant differences in means, by Tukey-Kramer pairwise comparison (p < .05). polysomonography-based sleep metrics. 27, 40, 50, 61, 62 However, detection of napping behavior by actigraphy may be limited due to inability to fully discriminate between quiet wakefulness and sleep and we are unable to distinguish whether these naps were planned or from inability to maintain wakefulness. The correlation of ethnic background with site limited our ability to some extent in drawing conclusions about cross-ethnic differences. Additionally, although data from other cohorts suggests the magnitude of sleep differences observed here may have important health consequences, [50] [51] [52] [53] we are unable to assess the longitudinal relationship with clinical outcomes at this time. Finally, although this study included multiple sites, our findings may not be generalizable to all Hispanic/Latinos living in the United States, including nonurban areas. Nevertheless, these sites are among cities with the highest Hispanic/Latino populations in the United States and represent a diverse collection of ethnic heritages. 12 This one of is the largest studies of objective sleep patterns in a working-age population and to focus on Hispanic/ Latino individuals. Sleep insufficiency was found to be highly prevalent although important differences exist by Hispanic/Latino background. Individuals of Mexican heritage have the healthiest sleep habits, particularly when compared to those of Puerto Rican heritage. Further research is needed to determine whether the observed differences in sleep may partially explain disparities in cardiovascular and metabolic diseases known to exist by Hispanic/ Latino background. Additional research is also needed to explore the reasons behind these sleep differences and identify opportunities to improve the sleep health of U.S. Hispanics/Latinos.
